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REPORT and PROPOSAL

CROSSBOW__ FROJECT
Reference: 251

REPORT OF WORK DONE TO DATE

1. The Basic Problem
Our assignment was to build several crossbows based on plans

originally published in POPULAR SCIENCE, POPULAR MECHANICS
and elgewhere. These designs were to be médified so that the

weapons could be disassembled and carried in a suitcaao, end
further modified so that it would be possible to shoot a 215
1b, line (or, failing that, a lighter leader line) for a dis-
tance of 300 ft. It was further desired to modify the weapons
so that they would be quiet,.

It was suggested that an 80 1b, pull would be about the maxi-
mum permitted for the cocking lover. The suggested rifle bow
maximum pull was 240 lbs.

» 2, The Firgt Model
A rifle type crossbow was built, following POPULAR MSCHANICS

plans very closely, {modified only to permit the operator to

take the stock apart). Attémpts to shoot‘a line the reéuirod

distance were unsucceegsful, leading to many additional modifi-

cations in the original model. Some of these changes were:

(a) String — Made of aircraft control cable instead of linen
thread.

(b) Arrows — Made of aluminum and steel, instead of wood, to
give the extra weight needed to carry a line,.
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{e) Bow 2.

(d)

(o)

(£)

(g)

A great many bows were tris?, steh mors powerful than the
last. At one point six 1/£" io: Zagen were piled on top
of each other to produée a composite spéing 3/4" thick. It
wag found to be more efficlent to replace this‘pile.with a.
single 1/&" leaf laminated with a single 1/8" leaf. This
combination pulled about as hard as the pile of six, and
shot & little farther. Some difficulty was encountered in
locating a 1/ spring material which would deflect to the
amount deéired (in such a short length) without taking a
permanent set. In fact, about four springs failed before
a succeésful désign and material were found, In the final
model, siliéonamanganese steel i3 used, It is being used

‘to the limit of its endurance, too, and must be carefully

tapered to avoid failure. It is alsc important to support
the center of the bow con both sides to prevent severe bend-

ing at the high strees, notch polnts.
Bow Stoek -~ The astock was al-sred %o permit'disassembly.

Irigger — As vhe bow weight increaged, it became more and
more difficult to pull thé tfigger. The POPULAR MECHANICS
veérsion had to be raplaced by the "fulléhandﬂ model now on
the bow. |

ITrigger Shaft — Failed under the heavier bows and had to
be replaced with a largor diameter pin.

Releass Nut — Cut the bowetziig, and had to be rounded to

avoid this. Also was the sourcs of a good desl of noise,
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3.
as it had a tendency to spin on its axis and hit the trig-
ger repeatedly. Had to be carved up to avoid this.

(h) Cocking Lever — The original lever, built to POPULAR
MECHANICS plans, failed twice in use. The bent wire
bow-grip unbent, and had to be replaced with steel plates.
The wooden bars used to push the bowstring shdttered, and
ware,réplaced by netal. Finally; the design of the cocking
3ever caused the bowstring to be pushed down against the
bow stock during the start of the cocking stroke. This dam-
aged the string, and so & amall roller was mounted on the
end of this member. The final eosking lever works, but is

not very convenient c» 823y to use.

(1) Bow "nocks® — The plastic nocks holdinz the boﬁstring
failed, and were replaced by brass.

As a regult of all the charzes mentioned above, it can be seen
that the final model cdiffers from the original POFULAR MECHANICS
version in all but & couple of minor parts. o

3. Shooting 8 Line
A great many of the modifications in design listed above were
made necessary by the feet that the POTULAR MECHANICS crossbow
was only able to ghoot a lizs ahbeut 30 yards. To achieve greater
distance, it was necosaary ¢ iporeaac tho smount of enorgy de-
livered by the bgw to the arrow, srd this : 2a0% heavior bows.

The heavier hewr %2l to the cthor charnzes.
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A great deal of experimentation was necessary on the choice
of line usod; and on the methods of handling this line. Come
mercially-available bow-fishing equipmeiit was bought, but was
next to worthless. Attempts were made to coil the line in &
varrel, like the whalers used to do, but this was very time-
consuming and uncertain with the small lines being used. (We
needed small diameter lines to éven approach the required 300
ft.) We finally settled on & salt-water spinning reel, filled
with 20 1lb. test monofilament; nylon line., This is easy to
use and offers very little resistance to the line. A 300 1b,
test braided Dacron line has beern pulled through the branches
of several large trees with the nylon line without breaking
the nylon. |

A satisfactory méthod of mounting the spinning reel on the
crossbow was not discovered as'the proJject expired before this
éould be done. The best position for the reel seoms to be
above and behind the rear end of the arrow, however. Attempts
to mount the reel underneath the bow tangled the bowstring
with the nylon line, breaking the latter.

Arrows
The arrow weight is important. If the welght is too light,

Tnmugglen ielocity is high and alr resistance seriously limits
the flight. If the weight is too groat, however, then mugszle
velocity is low, and the maximum possible time of flight (and
hence, distance) is decreased. There is, therefore, an opti-

mm weight, As acéurate.ca;culations of this weight would
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require detailed knowledge of such unknowns as air resistance
versus velocity for the arrow, the optimum was sought by build-
ing a number of arrows of differing weights and shcoting them,
The optimum seems to be about 130 grams. The pesk is rather

broad, however, so the waight is not critical.

Molded rubber vanes were uged for "festhers" on the arrows.
These are perfectly satisfactory when a line is attached to
the rear of the arrow for additional stabilization. However,
if it is desired to make long shéts with a hunting arrow,

with no line, then larger feathers would probably be necessary.

The line, incidentally, is hest fastonoed to the rear of the
arrow, Just behind the feather, contrary to standard bow-fishing

practise,

Strinping the Bow
POPULAR MECHANICS suggested that the bow bs strung placing it

on two tlocks of wood to roise it off the flecor and stepping
on the center. This doesm®t ovon begin to work with the 1/4".
spring. It was neecossary, thérelere, %o davelop a convenient
way of gtringing the bow withoun™ cvoratrassing it. The gystem
£i5211ly evolved is to pags & hoavy lins over one end of the
bow, then under the foot of & bumper jack and then fagten it
to the other end of the bow. The top of the jack is then
braced against the center of the bew. Operating the jack

boends the tow enough to perzit & new string to be mounted.

Hoige

Some unsuccessful attempts wers made to quiet the bow. The
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string was wrapped in cloth, the bow uas wiayycd in cloth,
g the bowstock was lined with cloth, felt bumpers were mounted
on the bow to catch the bowstring. Nothing secmed to make
much difference in the noise level without also making a big
difference in the flight distance. The general philosophy
behind our attempts was to take the noise out of the systenm
after the string had finished pushing the arrow but before

the string had snappad against the bow or started vibrating,
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7.
PROPOSAL FOR ADDITIONAL WORK
.There are several obvious improvements which could be made in
the bow as it now stands. There are other refinements which
could be made if it is felt that the bow is really promising.
Let's consider, first, the obvious ones, then the more complex

stepss
Simple Ipprovements
1, Cock L

The present cocking lever should be fastened to a large cement
block and dropped into the Mindanao Trench. Or maybe the AEC
could bé talked into atomizing it. In any event, I don't wish
to see it again, A far better solution would be a standard
bumper jack, equipped with suitable clamps. This would make
the Job of cocking the bow easier, safer, and more convenient.

The same jack could also be used for mounting new bowstrings.

2. Mounting the Spinning Reel

This will require gome experimentation. A positibn above and
behind the arrow is good for the line,'but poor for the operator -
unless the reel is mounted on the operator?s shoulder, which 1is

a definite possibility. In any over’, there do not seem to be
any really serious problems to be ovsrcoms. The reel works,

and it can be mounted.

More Complicated Changes

3. Noise
If it is felt that the presgont bolr is too noisy, it will be

neceasary to do quite a bit of erperimentation. We would recommend
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that, as a first step; gome high speed movies be taken of the
gun in action. There is an outfit in Waterbury, Connecticut
(Industrial Photo Service, Inc.) which does this kind of work.
Sufficient movies could be made for about $250 to show just
what is hitting what, which parts are vibrating, which scraping,
etc, This slow-motion picture should give us the information

we need to design noise reducerss

Power Increase

If silencers are added, thore is an excellent chance that they
will steal power from the pregont gystem. As we are barely
able to shoot the 100 yards now, this will necessitate an in-
creass in the power of the bow or; less likely, refinements

to incroease the efficiency. The bumpér Jjaek cocking system
may make it possible merely tc add addiion2l leaves to the
present bow, or to replace th¢ present 1/8" leaf with a second
1/4" leaf. What effect thia will have on other parts, how-
evor, we do not know. Inersasing bow power has always caused
a multitude of changes befcre, and we would be brash to claim
it would not agein. Notise reducﬁiom schenés tried so far have
reduced flight distavces by as wuch as 50%. If it is necessary
to double the bow péwar;”iﬁ is cortain that other changes would
be necegsary. (And would dcuble powsr require double silencers?)
It is hoped, of course, that vors officiernt silencers could be

developed.

B might be poasibls to incrsnss power without increasing nolse,
by lengthening the stroke of tho bow withount eltering its maximum
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9.
draw force. The amount of energy delivered to the arrow would
be greater, but the amount lost in noige would be comparable to
that in the present weapon. (The noise seems to come at the
end of the stroke.) However, to inérease the stroke of the
bow, it will be necessary to lengthen 1it, Space limitations
then foree us to divide the bow into two sections at the middle.
This changes several other major parts of the gyatem - including
the stock, which would have to be lehgthened,»and might have to
be folded in two places instead of one. Again it looks like a
fairly 1ohg program,

In General

Thé crossbow has one big advantage - ths power to drive projec-
tiles is always present, built right into the gun. There is no
need for speeial cartridzes or froel sources. It has the diﬁad-
vantage, though, of being bulky and a 1ittls awlward to handle.
A really powerful bow would be quite heavy. It would be possible
to retain the "stored snorzy? advantage, and yot obtain a more |
compact package, by rsplacing the steel bow with a length of
600 1b, aircraft shock cord. This raterial is light, flexible,
and reliabls. It can be stretched ropeatedly 1007 of its rest
length without failurs. It would egeem that this approaéh could

result in an improved weapon.

Pogsible "Next Steps®

Three difflerent programs &xrs possible as a naxt step.
(a) If the present woapon is satisfactory from a noise, power

and weight standpoint, 1t would bLe necseasary only to take

Declassified in Part - Sanitized Copy Approved for Release 2012/06/13 : CIA-RDP78-03642A001500030048-0



Declassified in Part - Sanitized Copy Approved for Release 2012/06/13 : CIA-RDP78-03642A001500030048-0

o - 10,
the steps listed in paragraphs (1) and ?ﬁh;%$5Qégfﬁamdlyﬂr;
build an improved cocking lever and mount the reel on the
stock. Such a program might take two weeks to one month

for an engineer and a modelmaker,

(b) If noise is a prdblem,‘it will be necessary to take steps
(3) and probably (4); in addition, of course, to steps (1)
and (2). If the photographs are revealing, and if an ef-
fieient silencer can be found, this program could be quite
short. We fbel; however, that éuch'a program would be more
apt to involve and engineer and modeluaker for something

like two or three months.

(e) If the shock cord is of interest, a weapon could be bullt
for about the same price as was the present bowgun. Prob-
lems of line, reel, arrcw weight, etc., will not have to be
solved again but, of course, the main gun elements will all

have to be redesigned.

—
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